, the Fundão dam ruptured which caused the spill of a large quantity of tailings from the extraction of iron ores to the Gualaxo do Norte, Carmo and Doce Rivers. Seven months prior to the rupture, our group had collected water and sediment samples at 13 points along the Tripuí Creek and the entire length of the Carmo River. Six months after deposition of the mud, new samples were collected in the Carmo River. Thus, the present study sought to evaluate the concentrations of trace elements in the waters and their distribution and mobility in sediment by BCR sequential extraction before and after the deposition of the tailings mud. Arsenic concentrations in the water samples were between 10.4 and 50.4 µg L -1 , which exceeded 10 ug L -1 (maximum limit permitted by Brazilian environmental regulations for water destined for human consumption) . The tailing mud layer on the sediments caused concentration increases of As (20%), Cd (13%), Co (5%), Cr (9%), Cu (11%), Ni (4%), Pb (7%) and Zn (19%) in the easily remobilized fractions. The presence of the elements in these fractions was indicative of high ecotoxicological risk and potential harm to the health of the local population.
INTRODUCTION
On November 5, 2015, one of tailings dams of the mining company Samarco, denominated of the Fundão located in the municipality of Mariana, collapsed and released large quantities of tailings. This was considered the greatest environmental accident in Brazilian mining history. [1] [2] [3] The flow of tailings mud reached the rivers Gualaxo do Norte (~55 Km), Carmo (~22 Km), Doce (~600 Km) and then the Atlantic Ocean on November 22, 2015 , in the Brazilian state of Espírito Santo. 2 The accident caused significant damages, including: native flora of the Atlantic Forest, areas of permanent preservation, destruction of agricultural areas, mortality of aquatic biota and terrestrial fauna water-dependent , devastation of cities, the death of mining workers and Bento Rodrigues residents and other problems. 4, 5 Mud collected directly from the Fundão tailings dam on November 28, 2015 presented Fe and Mn as the main elements, as well as trace elements (Pb, As, Sr, Zn, Cu, Ni and Co). 2 Deposition of the mud on river sediments (mud layer) can cause remobilization of As, Co, Cu, Ni, Pb, Sr and Zn to the aquatic environment, resulting in environmental damage. Thus, after the environmental accident in Mariana, which caused the deposit of a layer of mud on sediments of the Gualaxo do Norte, Carmo and Doce Rivers, studies should be conducted to evaluate the distribution and mobility of trace elements in sediment samples and their concentrations in water samples.
In the southeastern region of the Iron Quadrangle (IQ), arsenic is distributed in close association with sulfur-rich auriferous rocks. In addition to pyrite and arsenopyrite, which are the most abundant mineral phases, trace metals sulfides appear as subordinate phases. [6] [7] [8] The historic mining activities developed in this region have been responsible for the release of chemicals elements into aquatic and terrestrial environments. [9] [10] [11] Large quantities of arsenic in soil (200-860 mg kg -1 ), sediments (22-3200 mg kg -1 ) and groundwater (0.4-350 µg L -1 ) have been found in this region. 9 Besides of the arsenic, quantities of Cd (5.9-6.9 mg kg ) and Zn (33.1-77.7 mg kg -1 ) in sediments were also found in this region. 11 Chemicals elements can be present in the sediments in the following chemical fractions: soluble, exchangeable, bound to organic matter, bound to iron, aluminum and manganese oxides/hydroxides, carbonates, phosphates, sulfates (or other secondary minerals), or bound to silicates. 12, 13 Therefore, determinations of total chemicals elements concentrations in environmental samples provide little detailed information on their potential effect as pollutants. [14] [15] [16] [17] [18] The majority of metals present in the sediments are mainly associated with silicates and primary minerals, and therefore present less availability. 19 When these chemical elements are introduced into the environment by human activity they show greater mobility, and are associated with other sediment fractions such as carbonates, organic matter, oxides, hydroxides and sulfides. 17, 20, 21 The evaluation of these chemical fractions is possible when using sequential extraction methods. [22] [23] [24] The methods most commonly used are the Tessier 25 and BCR, 26, 27 proposed by the European Community Bureau of Reference. In the BCR sequential extraction method the metal fractions are evaluated in three phases: exchangeable and bound to carbonates, reducible (bound to Fe-Mn oxides) and oxizable (bound to organic material and sulfides). 22 The last phase (residual) concerns metals bound to the mineral, which are soluble in strong acid solutions. 20 The procedure simulates the mobilization and retention of these species in the natural environment, using alterations in environmental conditions such as pH, redox potential and degradation of organic matter. 11 A series of reagents is applied to the sample, increasing the extraction force in each stage in order to dissolve the metals present in different phases of the sediments. 28 The advantage of using the BCR sequential extraction method is the provision of detailed information on the origin, mode of occurrence, physical-chemical and biological availability, mobilization and transport of trace metals. 17, 20, 28, 29, 30 Passos et al. 19 applied the BCR method in sediments collected along the Poxim River, in the Brazilian state of Sergipe. The results showed the contribution of anthropogenic sources on the mobility and toxicity of trace metals by means of the Cd, Cr, Cu, Ni, Pb and Zn fractionations present in the sediments. Ma et al. 28 also applied the BCR sequential extraction method to evaluate the polutions levels of Cr, Pb, Cd, Co, Cu, Zn and Ni metals in sediment samples of the Yellow River (China). The results showed high availability of Cd and Co due to their high concentrations in the available fractions of the sediments.
Therefore, this work presents the results of water and sediment sample analyses covering the entire length of the Carmo River (~134 km) at two different times, before of the environmental accident at Mariana and 6 months after the accident . The second analysis was carried out in an extension that covers ~22 km of the Carmo River where tailings mud deposition occurred, from its confluence with the Gualaxo do Norte River to its encounter with the Doce River. In the iron ore mining, several processes occur to produce richer iron ore pulp, where the tailings mud is generated containing Fe, Mn and trace elements. 2 During its flow through the river, mud was mixed with the bottom material (sediment), which contains high quantities of trace elements, forming a mud layer. Thus, the objective of this study was (i) to estimate the distribution and mobility of trace elements (As, Cd, Co, Cr, Cu, Ni, Pb and Zn) by the sequential extraction procedure in sediment samples, (ii) determine the concentrations of trace elements in the waters, and (iii) evaluate the possible environmental impacts of trace elements after spillage of the tailings mud. To the best of our knowledge, this work is unpublished in relation to the results obtained in evaluation of the distribution and mobility of trace elements, using a sequential extraction procedure in sediments collected a few months before and after the Mariana environmental accident.
EXPERIMENTAL SECTION

Area under study
The Carmo River (Figure 1) , located in the state of Minas Gerais, in southeastern Brazil, is part of the Doce River Basin which has a drainage area of 83400 km 2 , including 222 municipalities and 461 districts. 11 The Carmo River runs for a length of 134 km, and near its headwaters are its main tributaries, the Funil Creek and Tripuí Creek, which have their sources in the municipality of Ouro Preto, located in the southern portion of the IQ. Its mouth is in the municipality of Rio Doce, at its confluence with the Piranga River where the Doce River is formed. Among its tributaries, highlighted are the Gualaxo do Norte River on its left bank and the Gualaxo do Sul River on its right bank.
Sample collection and preparation
The first collection was performed at 13 sampling points on April 8, 2015 along the Tripuí Creek (S1) and the entire length of the Carmo River (S2 to S13), obtaining both water and surface sediment samples. On April 29, 2016 , six months after the environmental accident in the municipality of Mariana, a new collection was made in this same section (S1 to S13). However, for the purpose of comparison, the present study only shows the results referring to points S11 to S13, which were subject to the tailings mud and presented higher concentrations of trace elements in the water and in the sediment fractions considered as available. These samples were labeled S11a, S12a and S13a, located downstream of the confluence with the Gualaxo do Norte River which contained the mud from the Fundão dam. Figure 1 shows the location of the sampling points. Five water samples were collected at each sampling point using 1000 mL polytetrafluoroethylene vials, previously washed and rinsed with water. The samples were acidified to pH 2 with nitric acid, stored in refrigerators and immediately transported. In the laboratory, the water samples were maintained refrigerated at 4 °C until analysis. At each sampling site, five sediment subsamples were collected (0 to 20 cm deep) using a plastic shovel. In the second collection the sediment samples containing the tailings mud were collected in the same manner described above, and the upper layer (~4 cm) of the sediment (mud layer) was collected separately. The mud layer was deposited throughout the river channels and was formed during the flow of tailings mud, which was mixed with the bottom material (sediment). Sediment samples and the mud layer were transferred to plastic bags and transported to the laboratory in refrigerators. They were then dried naturally, sieved (< 2 mm), carefully ground in a porcelain mortar and homogenized.
Reagents and glassware
All reagents used were of analytical grade as well as high purity deionized water produced with a Milli-Q® system (Millipore, Bedford, MA, USA). The multielementar standard-stock solution containing 10 mg L -1 of As and the Cd, Co, Cr, Cu, Ni, Pb and Zn metals was purchased from Perkin Elmer. Ultrapure 69.5% (w/w) HNO 3 (Fluka) was used for the preparation of all standard solutions and in the preservation and dilution of the samples. All glassware was previously decontaminated using HNO 3 (10%, v/v) for 48 hours, followed by repeated washing with ultrapure water. 
Instrumentation
The analysis of trace elements was performed using an ICP-MS (model NexION 300D) in kinetic energy discrimination (KED) mode with helium gas. The instrumental parameters of ICP-MS are presented in the Table 1S . All of the isotopes were selected as a function of their natural abundance and spectral interference possibility. Multielement standards were used to construct a linear calibration curve. All measurements were made by employing optimized conditions previously established. A portable pH, redox potential and temperature meter (WTW, model 340i) and a portable dissolved oxygen (DO) meter (HANNA, model HI-9142) were used to characterize the physicochemical properties of the water samples. An analytical balance (AB204-S; METTLER TOLEDO, Brazil), a Fanen 315 centrifuge (São Paulo, Brazil) and a Milestone Ethos 1 microwave oven for closed-vessel acid digestion (Milestone, Sorisole, Italy) were used for the digestion of sediments and waters samples.
Analytical procedure
Physicochemical characterization of the samples
The redox potential, pH, temperature and DO were determined using portable devices to characterize the physicochemical properties of the water samples in the field. The analysis of the trace elements in the water samples was done by adding 5 mL of concentrated nitric acid to 45 mL of water. The mixture was digested in a microwave oven, raising the temperature to 160 °C in 10 min (1,000 W) and maintaining these conditions for 10 min. After digestion, the aliquots were filtered into 50 mL flasks and the volume completed with purified water (Milli-Q). For Cu dissolved analysis, the samples were filtered through a cellulose acetate filter with a pore size of 0.45 µm. The determination of trace elements was performed using ICP-MS.
For the physicochemical characterization of the sediment samples, the procedures included pH, cationic exchange capacity (CEC), organic matter determination, grain size analysis and X-ray diffraction. The sediment samples were sieved (< 2 mm) and submitted to chemical and physical characterization. The pH was determined on a 1:2.5 soil: deionized water and KCl 1 mol L -1 ratio; the potential acidity (H + Al) was extracted with Ca(OAc) 2 ) and total cation exchange capacity was estimated by the sum of bases (SB) and potential acidity. The organic matter was determined according to Walkley-Black titration method 32 by wet oxidation with K 2 Cr 2 O 7 0.167 mol L −1 in the presence of sulfuric acid with external heating. 33 The textural analysis, proportion of different grain sizes, was performed by the pipette method. 31, 34 Diffractograms were obtained using powder X-ray diffraction, performed on a Panalytical X'Pert PRO diffractometer equipped with a cobalt tube (Co-Kα radiation, λ = 1.790269 Å) operated at 40 kV and 40 mA. Scanning was performed using the step-by-step method, in the range between 4° and 50° 2θ, with an increment of 0.05° and time of 1 s per step.
BCR sequential extraction procedure
Approximately 0.8000 g of sediment sample sieved to < 1 mm were transferred to 50 mL centrifuge tubes and subjected to the BCR sequential extraction procedure (Table 2S) as reported by Rauret et al. 26 All analyses were performed in triplicate. At the end of each step, the extracts were separated from the residual solids by centrifugation for 20 min at 3000 rpm. The residue was washed by the addition of 16 ml of water, stirring for 15 min, and finally the resulting suspension was centrifuged. The supernatant was decanted and discarded, taking care not to discard any of the solid residues. In the fourth step, the residue was digested with aqua regia in a microwave oven, raising the temperature to 200 °C in 10 min (1,200 W) and maintaining these conditions for 15 min. This same digestion process was applied to 0.5000 g of the integral sediment (not subjected to the extraction steps) for determination of the pseudototal content. Determination of the element concentrations in each step of the BCR method and in pseudototal digestion was performed by ICP-MS. The internal standard (Rh 5 µg L -1 ) and collision cell (He > 99.999%) were used during the determinations to avoid interferences. The SRM 2704 reference material from the National Institute of Standards and Technology (NIST; Buffalo River Sediment) was submitted to the first three steps of the BCR extraction method. The recoverability capacity of the method was evaluated by the relationship between the sum of the content extracted in the three initial steps and the certified values. The accuracy and interference effects were evaluated using SRM 2704 reference material and addition-recovery experiments. Additionrecovery experiments were carried out using three concentration levels (10 µg kg ). 35 For performing these procedures, sub-samples of a randomly selected sample (S11) were digested in triplicate with aqua regia in a microwave oven maintaining the same conditions described above and subsequently analyzed by ICP-MS. Limits of detection (LOD) were calculated as 3s divided by the slope of the calibration graph, for ten reagent blanks. 18 The LOD values varied from 0.01 µg L -1 (Co) to 0.09 µg L -1 (Zn) ( Table 3S ). These detection limits are considered acceptable for general analysis in environmental studies, 16, 30 and are comparable to those obtained in previous work using similar material. 19, 35, 36 
RESULTS AND DISCUSSION
Sediment analysis
Physicochemical characterization
The physical-chemical characteristics of sediment samples are presented in Table 1 . The results show the absolute predominance of sand, on average 91%, in relation to the silt (4%) and clay (5%) fractions. ) become more mobile, 37 so that in areas with predominantly sandy texture under acidic conditions there is increased potential for leaching of the soluble forms of the metal compounds. 38 The collected sediment samples (S1 to S13 and S11a to S13a) showed low Cation Exchange Capacity (CEC), which can be explained by the absolute prevalence of the sand fraction. However, the presence of secondary minerals such as kaolinite, gibbsite, goethite and hematite in the silt fraction, as shown in the X-ray diffraction patterns (Figure 2) , gives the sediments a good trace element retention capacity. Table 2 presents the total concentrations of trace elements (As, Cd, Co, Cr, Cu, Ni, Pb and Zn) for the 13 sediment samples. In Table 2 it is possible to observe that the total values of arsenic in the sediments (S1 to S13, S11a and S13a), as well as Cr (S2, S4, S7, S9, S10, S11 and S13, S11a and S13a) and Ni (S1, S3, S5, S7, S9, S10, S13, S13a), are above Level 2 of the CONAMA Resolution 454/12 39 (value above which there is a higher probability of adverse effects on biota).
Total trace elements
The results indicate that these elements were already deposited in the bed of the Carmo River before the arrival of material from the tailings dam. The presence of arsenic may be related to the development of gold mining in the region for centuries, and although much of it is deactivated, there is still activity on the Carmo River. Furthermore, these sampling points are located along the Carmo River, which drains the cities of Ouro Preto and Mariana, and also drains the Passagem Mine (municipality of Mariana ) that is geologically rich in arsenic minerals. 11 Segura et al. 2 collected samples of tailings mud 23 days after rupture of the dam of Fundão (November 28, 2015), where it was determined that Fe (~20000 to 30000 mg kg -1 ) and Mn (~100 to 300 mg kg -1 ) were the main elements, and trace elements (Pb, As, Sr, Zn, Cu, Ni and Co) with concentrations in the slurry ranging from < 0.46 mg kg -1 to ~6.5 mg kg -1 . During its flow through the river the mud was mixed with the bottom material (sediment), which contains high quantities of trace elements (Table 2) , forming a mud layer. At collection points S11a to S13a, the tailings layer had a thickness of ~4 cm, however the thickness of the mud layer may vary according to water flow along the entire length of the river. Thus, the mud layer covering the entire length of the river bed had, due to sediment incorporation, presented increased concentration of trace elements, as shown in Table 2 .
Fractionation Figure 3 shows the results obtained for the fractionation of trace elements in the sediment samples collected from the Tripuí Creek (S1) and the Carmo River (S2 to S13). The relative proportions of As in the acid soluble fraction (F1) were generally low (< 10%). Concentrations of Cd (S1, S5, S6, S8-S13), Cu (S8), Pb (S9) and Zn (S1, S4) were > 10% in the F1 fraction. Extraction of trace elements in the F1 fraction (exchangeable and bound to carbonates) can be mainly attributed to its association with carbonates present in the sediments, due to the extensive alteration in carbonates in the ore deposits of this region. 10 Metals present in the F1 fraction are considered to be more weakly bound to the sediments, being able to equilibrate with the aqueous phase and therefore become more readily available. 36, [40] [41] [42] [43] In relation to the reducible fraction (F2), it can be observed that Ni, Co and Pb have a strong affinity with this fraction, which is also potentially available. On average, 37.2% of Ni, 36.1% of Co and 30.5% of Pb were found in this fraction, ranges of 9.5-88%, 14.1-54.4% and 15.1-51.5%, respectively, between sampling points (S1 to S13). Secondary minerals in the silt fraction containing Fe and Al hydroxides (Figure 2 ) present large surface adsorption areas, increasing the retention of trace elements in this fraction. 19, 43 These adsorbed metals (linked to Fe-Mn oxides) have the potential to be transferred to the aquatic environment, by means of changes in the redox potential or pH of the medium. 11, 13, 44, 45 In the oxidizable fraction (F3), relatively high values are observed for Cr and Cu. On average, 29.5% of Cr and 25.0% of Cu were found in this fraction, ranging from 11.7-60.1% for Cr and 8.2-42.6% for Cu among the sampling points (S1 to S13). The metals (Cu and Cr) are strongly complexed by organic matter (humic substances) in the sediments, being released after degradation of organic matter or oxidation of sulphides to sulphates. 17, 19, 45 Furthermore, Cu is commonly found to be strongly bound to organic matter, due to the high stability constant of organic copper compounds. 28 The largest quantities of As found in the oxidizable fraction (F3) of the sediments at sampling sites S6 and S7 (Figure 3 ) may be related to contribution of the oxidative dissolution of arsenic-rich sulfide minerals from the Passagem Mine (municipality of Mariana ), the oldest and most important gold mine in the region located upstream of S6 and S7. 10, 11 The residual fraction (R) corresponds to As and metals occluded in non-silicated minerals extracted during the final step of the BCR method by means of digestion with aqua regia. The R fraction presented the highest levels of trace elements, except for Cd. In the residual fraction the following concentration intervals were obtained for As (70.5-97.2%), Zn (17.7-95%), Pb (37.2-93.1%), Cu (25.3-85.9%), Co (34.6-81.9%), Cr (28.6-78.0%) and Ni (17.6-77.5%) between sampling points (S1 to S13). The large quantity of these elements in this fraction shows that they are linked to the crystalline network of the secondary minerals and are not easily remobilized to the aquatic environment. 13, 19, 28, [45] [46] [47] Figure 3 also shows that there was a modification in the fractionation profile of trace elements (S11 to S13) after the Mariana environmental accident with deposition of the mud layer (S11a to S13a). Modification in the fractionation profile can be better observed in Table  3 , where the average values between sampling points are presented for the concentration of each element in the different sediment fractions. Before the Mariana environmental accident, the average percentage of extracted metals in the available fractions (F1 + F2 + F3) of the sediments, for the last 3 sampling points (S11 to S13), presented a decreasing order of availability: Cd (65%) > Cu (54%) > Ni (53%) > Co (49%) > Cr (44%) > Pb (38%) > Zn (13%) > As (5%).
After the Mariana environmental accident, the average percentage of extracted metals in the available fractions followed the same decreasing order of availability, but there was an increase in the quantity of elements in these fractions: Cd (78%) > Cu (65%) > Ni (57%) > Co (54%) > Cr (53%) > Pb (45%) > Zn (32%) > As (25%). The results show that deposition of the mud layer on the sediment caused a change in the availability of trace elements, making them more available. The sequential extraction procedure applied to the mud layer (Table 4) also showed large quantities of trace elements in available fractions, which justifies the increased availability of these elements in the aquatic environment after deposition of the mud layer on the sediment samples.
Pseudototal digestion of the sediment samples (Table 2 ) and the mud layer (Table 4) with aqua regia is used as a tool for internal evaluation of the recoverability of the method. The relationship between the sum of the quantities obtained from the sequential extraction (including the residual fraction) and the pseudototal content allowed for calculation of the recovery. The results showed acceptable recovery percentages for the BCR method, ranging from 84% to 106% for the sediment samples and from 83% to 97% for the mud layer. Application of this method to the SRM 2704 NIST reference material also showed satisfactory recoveries in relation to the certified values: As (95%), Cd (86%), Co (87%), Cr (83%), Cu (102%), Ni (108%), Pb (107%) and Zn (95%). Very good agreement was also achieved, with no significant differences between values at the 95% confidence level. Recoveries higher than 97% and less than 105% were obtained in the addition-recovery experiments carried out in the sample S11 using the three concentration levels (10 µg kg ). These values reflect the efficiency of the method, as well as the precision of the results, and are considered satisfactory given the complex nature of the sediment matrix. 19, 35, 36 Water analysis Table 5 shows the total As concentration and physical-chemical parameters of the water samples collected in the Tripuí Creek (S1) and the Carmo River before (S2-S13) and after (S11a-S13a) deposition of mud on the sediment. The accuracy of the results of the trace elements analysis in water samples were determined in a spiked of standard multielement solution. Spike recoveries ranged from 88 to 104%.
The in situ pH values obtained for the sampling points S1 to S13 and S11a to S13a ranged from 6.8 to 7.8. These results are within normal limits, i.e., do not violate the limits established in legislation (range 6 to 9), which are adequate values for the maintenance of aquatic life. 48 It can also be observed that even after deposition of the mud layer (S11a to S13a), the pH values remained within a normal range. In relation to dissolved oxygen, all results were in compliance with the limit established by Brazilian environmental legislation (values greater than 5 mg L -1 O 2 ).
48
All samples presented concentrations of As > 10 µg L -1 , the maximum limit established by Brazilian environmental legislation 48 for water destined for human consumption . The values of total As are in agreement with the range observed in other regions of the IQ 10, 11 and with those verified by previous studies on As concentrations in surface water samples of the Carmo River. 11 The SEMAD-IGAM 49 and the Company of Research on Mineral Resources 50 performed a water analysis in November and December of 2015, shortly after the environmental accident, at a sampling point at the confluence of the Gualaxo do Norte River with the Carmo River, approximately corresponding to sampling point S11. We verified that the results of the present work are consistent with respect to trace elements, except for the difference found for As, which in our case was slightly greater than 10 µg L -1 . The difference found in the results for As may be due to the physico-chemical changes that occurred in water samples on the day of collection. However, after deposition of the mud layer on the Carmo River sediment, there was an increase in the total As concentration in water samples (S11a-S13a). As can be verified in the results from Sampling sites S1 to S13 and S11a to S13a Quim. Nova fractionation of trace elements (Figure 3 ), their quantities increased in the fractions available after deposition of the mud layer on the sediment samples. Thus, the trace elements present in the available fractions are more sensitive to variations in environmental conditions, and can be more easily remobilized into the aquatic environment. Moreover, the increase in acidity of the water causes dissolution of carbonaceous structures present in the river beds, making the trace elements available to the water. 10 The trace elements Cd, Co, Cr, Cu, Ni, Pb and Zn in some water samples (Table 6 ) collected after deposition of the mud layer also presented higher values than previously found (first collection), however they were lower than the limit established by Brazilian environmental legislation.
48 Table 3 . Results obtained for average concentrations of As, Cd, Co, Cr, Cu, Ni, Pb and Zn in each fraction, ∑ F1 + F2 + F3 + R and ∑ F1 + F2 + F3 for surface sediments from the Tripuí Creek and Carmo River (mean ± standard deviation, n = 3)
Step Mean of the 13 points (S1 to S13); b Average of the last 3 points (S11 to S13); c Average of the last 3 points after the Mariana environmental accident (S11a to S13a). Although the quantity of As in the water samples from the first collection was already above the maximum limit recommended by the local regulatory agency, after deposition of the mud layer there was an increase in its concentration, increasing the risk to the local population. Among the possible water contaminants, arsenic is one of the most problematic, being considered by the World Health Organization (WHO) as one of the most important with regards to global public health. 51 Consumption of water containing arsenic can cause dermatitis, skin cancer, neurological disorders, hepatomegaly, cardiac problems, internal cancers and poisoning.
52,53
CONCLUSIONS
The present study evaluated the total contents of trace elements in the water and their partitions in the sediment of samples collected in the Tripuí Creek and the Carmo River, in the Iron Quadrangle of southeast Brazil. The ~22 km stretch of the Carmo River was contaminated with tailings mud from the rupture of the Fundão dam. In the present study we collected samples in this stretch of the Carmo River six months before the environmental accident. Thus, for the purpose of comparison a new collection was performed six months after the mud deposition, which allowed for verifying changes in the total amount of trace elements in the water and their partitions in the sediment.
The results showed that the total As concentration in the water ranged from 10.4 to 50.4 µg L -1 for the Carmo River, exceeding the maximum limit (> 10 µg L Sediment analyses showed that the highest portion of trace elements extracted was associated with the residual fraction. However, considerable quantities were extracted as easily remobilized fractions, indicating potential for remobilization of these elements from the sediment to the aquatic environment. The mobility was in the order Cd > Cu > Ni > Co > Cr > Pb > Zn > As, with the elements Cd, Cu and Ni being preferentially associated with the most labile fractions. After deposition of the tailing mud layer on the sediments, the average percentage of extracted metals in the available fractions followed the same decreasing order of availability, but there was an increase in the amount of As (20%), Cd (13%), Co (5%), Cr (9%), Cu (11%), Ni (4%), Pb (7%) and Zn (19%) in the easily remobilized fractions. Therefore, the increase in the amount of trace elements in the easily remobilized fractions, which is a potential human health risk, should not be ignored because the waterways of this region are destined for human consumption.
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